A nemia is common in critically ill patients during their intensive care unit (ICU) stay. Many factors other than obvious blood losses can be involved in its development, including blood sampling for diagnostic purposes (1), invasive procedures, nutritional deficiencies, hemolysis, endocrine, renal, or hepatic insufficiency, or occult blood losses, especially from the gastrointestinal tract. In inflammatory states, an inadequate erythropoietin (EPO) production under the influence of cytokines can also contribute to the development of anemia (2) .
Anemia is associated with a worse outcome (3), and as a result, ICU patients are often transfused; yet blood transfusions are associated with greater morbidity and higher mortality rates (4) . Possible alternatives to blood transfusion are being developed, including the administration of oxygen carrying solutions (5), but these are not yet commercially available. Although expensive, EPO administration has been proposed recently as an alternative to allogenic transfusion in these patients (6) .
The natural time course of hemoglobin concentrations in acutely ill, nonbleeding patients has not been well studied, yet may help to define the complex mechanisms that are involved in the development of anemia in the ICU patient. The purpose of the present observational study was to evaluate the degree of change in hemoglobin concentrations during the ICU stay in nonbleeding patients.
MATERIALS AND METHODS
All 251 patients who were admitted to the 31-bed medicosurgical Department of Intensive Care of Erasme University Hospital during a 10-wk period (July 1-September 15, 2000) were screened. Patients with recent clinical evidence of bleeding (e.g., polytrauma or gastrointestinal bleeding), postsurgical patients (except when blood losses were considered negligible, i.e., Ͻ50 mL), and patients with a history of hematologic disease, chronic renal failure (creatinine Ͼ4 mg/dL), or acute renal failure requiring extracorporeal epuration techniques, were not considered. Patients who stayed in the ICU Ͻ24 hrs were also excluded. Six neurosurgical patients with no postoperative blood losses were included in the study.
Objectives:
To evaluate the time course of hemoglobin concentrations in nonbleeding intensive care unit patients.
Design: Prospective, observational study. Setting: Multidisciplinary (medicosurgical) department of intensive care.
Patients: Ninety-one patients with no evidence of recent or active blood loss, no history of hematologic disease or chronic renal failure, and no need for extracorporeal epuration techniques.
Interventions: None. Data collection included primary diagnoses, daily (morning samples between 8 and 9 am) hemoglobin concentration, Acute Physiology and Chronic Health Evaluation (APACHE) II score (7) at admission, daily sepsis-related organ failure assessment (SOFA) scores (8), 24-hr fluid balance, microbiological data, and antibiotherapy. Patients who were septic and nonseptic at ICU admission were analyzed separately. Sepsis was defined by standard clinical and hematologic criteria (9) with microbiological evidence of infection and antibiotherapy. Patients who developed sepsis after ICU admission were excluded from this analysis. Data collection was stopped in cases of active bleeding, blood transfusion, need for extracorporeal renal support, discharge from ICU, or death. During a 2-wk period, the amount of blood taken from patients for laboratory tests each day was recorded.
Measurements and Main
The slope of the linear regression of the hemoglobin concentrations over time was calculated (Excel program software) for each patient. The analysis was performed separately for the first 3 days and for subsequent days. The comparison of individual slopes between groups was performed using two-sample ttests. Simple linear regression and coefficient of determination (r 2 ) between slope and APACHE II score, SOFA score at admission, maximum SOFA score, and fluid balance were also calculated. Data are presented as mean Ϯ SD; p Ͻ .05 was considered statistically significant.
RESULTS
Total Population. Of the 251 patients screened, 91 patients met the entry criteria, and their clinical data are presented in Table 1 . The study was ended because of ICU discharge in 70 patients (20 septic), blood transfusion in 12 patients (ten septic), and death in nine patients (five septic). No patient developed evidence of hemolysis or of active bleeding, including visible blood in gastric aspirates or melena. Only six of the 28 female patients were premenopausal, and no menses were noted during the study period. For the entire population, the mean hemoglobin concentration at ICU admission was 12.2 Ϯ 2.0 g/dL and decreased with time ( Fig. 1) . For the entire ICU stay, the fall in hemoglobin concentrations (calculated from the individual slopes of hemoglobin concentrations over time) averaged 0.52 Ϯ 0.69 g/dL/day. For the 33 patients who stayed in the ICU for Ͼ3 days, hemoglobin concentrations decreased by 0.66 Ϯ 0.84 g/dL/day for the first 3 days and by 0.12 Ϯ 0.29 g/dL/day thereafter (p Ͻ .01). For the 25 patients who stayed at least 1 week, hemoglobin concentration decreased by 0.58 Ϯ 0.64 g/dL/day during the first 3 days and by 0.21 Ϯ 0.23 g/dL/day thereafter (p ϭ .01). There was a weak correlation between the APACHE II score and the mean fluid balance (r 2 ϭ .252; p Ͻ .01), but the decline in hemoglobin concentrations was not related to the fluid balance (r 2 ϭ .0348; p ϭ .09).
When analyzed for the entire stay, the degree of fall in hemoglobin concentration was not significantly related to mortality. However, for patients with an ICU stay greater than 3 days, there was an inverse relationship between the change in hemoglobin concentration and the APACHE II score (r 2 ϭ .28; p Ͻ .001), the SOFA score at admission (r 2 ϭ .23; p Ͻ .005), and the maximum SOFA score (r 2 ϭ .34; p Ͻ .001) (Fig. 2) . Despite higher severity scores in patients with sepsis, these relations were similar in patients with and without sepsis (data not shown).
Influence of Sepsis. After the exclusion of seven patients who developed sepsis after ICU admission, a subgroup analysis of 28 patients who were septic at admission and 56 patients who did not develop sepsis was performed. As expected, the APACHE II scores, SOFA score, maximum SOFA score during the ICU stay, and mortality rates were higher, and the length of ICU stay was longer in the septic than in the nonseptic patients (Table 
APACHE, Acute Physiology and Chronic Health Evaluation; SOFA DO, sepsis-related organ failure assessment score at admission; SOFA max , maximum sepsis-related organ failure assessment score; ICU, intensive care unit; COPD, chronic obstructive pulmonary disease; ARDS, acute respiratory distress syndrome.
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in the septic than in the nonseptic patients, although this was not statistically significant (p ϭ .37) (Fig. 3) . During the first 3 days on the ICU, the hemoglobin concentration decreased by 0.82 Ϯ 0.81 g/dL/day in the septic patients and by 0.59 Ϯ 0.84 g/dL/day in the nonseptic patients (p ϭ .21). For patients staying longer than 3 days, the hemoglobin concentration continued to decrease in the septic patients but not in the nonseptic patients (Ϫ0.29 Ϯ 0.19 vs. 0.006 Ϯ 0.3 g/dL/day; p ϭ .0016) (Fig. 4) .
Blood Sampling. The mean volume of a standard blood sample was 3 to 4 mL. The mean volume of a blood gas sample, arterial or venous, was 1.5 mL, with an additional 2 mL of discarded blood. Blood culture sampling involved a specimen of 10 mL, usually taken three times. The average number of blood samples per day was 11.7 Ϯ 4.7, and the total volume of blood taken per day was 40.3 Ϯ 15.4 mL. The number of blood samples each day was 14.0 Ϯ 3.3 for septic patients and 10.9 Ϯ 4.9 for nonseptic patients (p ϭ .09). The mean blood volume drawn daily was 49.0 Ϯ 11.3 mL in the septic patients and 36.7 Ϯ 14.9 mL in the nonseptic patients (p ϭ .04).
DISCUSSION
The present observational study evaluated the time course of blood hemoglobin concentrations in a heterogeneous population of nonbleeding, acutely ill patients. These patients represent a minority of ICU patients (about 36% of the total population in our medicosurgical department), but can provide valuable information on spontaneous changes in hemoglobin concentrations in ICU patients, especially at a time when blood transfusions are being challenged (4). Our data indicate that hemoglobin concentrations decrease with time during the ICU stay, especially in septic patients.
One difficulty with such an analysis is the unavoidable fall in the number of patients over time, as patients die, are discharged, or are transferred. Although discharged and transferred patients could be followed up for a predetermined time interval at home or in other departments, results obtained would no longer specifically address the question of changes in hemoglobin concentrations in ICU pa- tients. To obviate this problem, we calculated slopes for each individual patient. We also studied separately the subgroups of patients who stayed in the ICU for at least 4 or 7 days.
Our data clearly show that hemoglobin concentrations decrease during the ICU stay and that this decrease is greater during the first few days than during the rest of the ICU stay. One reason for this may be the larger number of blood samples taken and the greater number of invasive procedures performed, such as arterial catheters that induce some blood loss (10) , during the first days. The greater fall in hemoglobin concentrations early in the ICU stay may also be related to the correction of fluid deficits and/or some hemodilution associated with nonblood fluid resuscitation, although in our study, fluid balance during the first 3 days did not significantly influence the fall in hemoglobin concentrations.
This study included a typical heterogeneous group of critically patients without evident blood losses. It is difficult to individualize the relative importance of all factors that can contribute to this anemia from admission, including nutritional deficiencies and endocrine, renal, or hepatic insufficiency. Fluid infusion and the use of diuretics are common in every ICU and can influence blood volume. Some patients developed a degree of acute renal failure that may influence the blood volume as well as the EPO response. Only patients who required extracorporal epuration techniques that can significantly influence blood volume were eliminated. Nutritional support may also influence the host response. Even though no occult blood losses were recognized in our patient population, one cannot entirely exclude unrecognized gastrointestinal bleeding as a contributing factor to the fall in hemoglobin levels (11) .
Blood sampling can contribute to a reduction in hemoglobin concentrations, a phenomenon referred to as "iatrogenic" or "nosocomial" anemia (1, 12) . However, the total amount of blood needed for laboratory testing has decreased over the years with improvements in techniques and equipment. In 1986, Smoller and Kruskall (10) reported a mean collected blood volume of 65 mL per day in the ICU including discarded blood loss. Another report, published almost simultaneously, noted a mean total volume of 240 mL in a general ICU (12) . At this time, the mean volume of one tube was 10 mL (12); it is now only 3 to 4 mL. In 1996, a French study (13) evaluated that the mean blood volume collected in the ICU was 62 mL, with discarded blood representing 27% of the collected volume. In our study, the mean 24-hr blood volume collected in each patient was around 40 mL, including the discarded blood. The small differences between septic and nonseptic patients (around 12 mL/day) may explain, in part, the faster decline in hemoglobin concentrations in the septic patients, but are unlikely to be sufficient to fully explain the pattern seen. In particular, there was no significant difference in the fall in hemoglobin between septic and nonseptic patients during the first 3 days, when phlebotomy losses are perhaps at their greatest (11) . However, after the third day, nonseptic patients maintained a fairly constant hemoglobin level, whereas in septic patients, the hemoglobin concentration continued to fall.
Several factors may thus explain the different time course of hemoglobin concentrations in septic patients. First, although this variable was not quantitated in this study, the sicker septic patients may have required more invasive procedures. Second, as discussed above, the amount of blood collected was larger in septic than in nonseptic patients (including blood sampling for cultures). Third, sicker patients tend to require more fluid and are thus more likely to be anemic. However, the correlation between APACHE II scores and fluid balance was weak, and the effects of fluid resuscitation alone are thus unlikely to be adequate to account for the differences seen. A fourth factor could be a reduced survival of red blood cells because activated phagocytes exaggerate the removal of senescent red blood cells (14) and those coated by immunoglobulins or immune complexes (15) . All these factors can help explain why the decline in hemoglobin concentrations was also directly proportional to the severity of disease, as reflected by the APACHE II and SOFA scores. Finally, the inflammatory response to infection can decrease iron availability and blunt the EPO response to anemia (14) . Proinflammatory cytokines, such as tumor necrosis factor-␣ (16 -18), interferon-␥ (19), and transforming growth factor-␤ (20 -22) , have been shown to decrease EPO release in inflammatory states. Increased oxidative stress, associated with sepsis (23), can also limit the formation of EPO and inhibit erythroid precursor cells. Although interleukin-6 may stimulate EPO response (24) the net result seems to be a blunted EPO response in critically ill patients (25, 26) . Inflammation also induces a shift of iron from the circulation into storage sites, with a reduced amount of iron released from the reticuloendothelial macrophages (14) .
In conclusion, hemoglobin concentrations can fall in ICU patients without active blood loss. For a nonseptic ICU patient, the hemoglobin concentration may be expected to decrease by at least 0.5 g/dL during the first 3 days of ICU stay but should remain fairly stable thereafter. In a septic patient without active bleeding (or hemolysis), the decrease in hemoglobin concentrations may average 0.8 g/dL/day during the first 3 days and continue at a mean rate of 0.3 g/dL/day on subsequent days. Although this study was not designed to investigate the effects of treating falling hemoglobin levels, but rather to highlight the time course of these changes and document differences in patients with and without sepsis, these findings may have important practical implications; for example, awareness that hemoglobin concentrations can fall without active bleeding may reduce the need for repeated, often invasive, searches for sites of blood loss. Indeed, the occurrence of gastrointestinal bleeding has decreased over time to become relatively uncommon (27) ; in the present study, no patient was found to have active bleeding. Such data may also assist in identifying the groups of patients who may benefit from exogenous EPO administration. 
